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COMPARING DEVICE AND METHOD OF clarity and does not in itself dictate a relationship between 
CONTROLLING COMPARING DEVICE the various embodiments and / or configurations discussed . 

Further , spatially relative terms , such as “ beneath , ” 
PRIORITY CLAIM AND CROSS - REFERENCE “ below , ” “ lower , ” “ above , ” “ upper ” and the like , may be 

5 used herein for ease of description to describe one element 
This application claims priority to U.S. non - provisional or feature's relationship to another element ( s ) or feature ( s ) 

application Ser . No. 16 / 548,851 filed Aug. 23 , 2019 , the as illustrated in the figures . The spatially relative terms are 
disclosure of which is hereby incorporated by reference in intended to encompass different orientations of the device in 
its entirety . use or operation in addition to the orientation depicted in the 

10 figures . The apparatus may be otherwise oriented ( rotated 90 
BACKGROUND degrees or at other orientations ) and the spatially relative 

descriptors used herein may likewise be interpreted accord 
A comparator is commonly used compare the voltage ingly . 

levels of two input signals . For example , in a successive FIG . 1 is a diagram illustrating a comparing device 100 in 
approximation register analog - to - digital converter ( SAR- 15 accordance with some embodiments . The comparing device 
ADC ) , a comparator may be applied to successively com 100 comprises a comparing circuit 102 , a first current 
pare an analog input signal with a plurality of reference generating circuit 104 , and a second current generating 
voltage levels for sampling the analog input signal . The circuit 106. The comparing circuit 102 is arranged to output 
operating speed of the comparator may affect the bit number an output signal So according to a first input signal Sil , a 
or resolution of the SAR - ADC . Therefore , a high speed 20 second input signal Si2 , a control signal RST1 , and a supply 
comparator is highly desirable in the field of ADC . current Ip . Specifically , the comparing circuit 102 is 

arranged to selectively compare the voltage level of the first 
BRIEF DESCRIPTION OF THE DRAWINGS input signal Sil and the voltage level of the second input 

signal Si2 to generate the output signal So according to the 
Aspects of the present disclosure are best understood from 25 control signal RST1 . For example , when the comparing 

the following detailed description when read with the circuit 102 is enabled by the control signal RST1 , the 
accompanying figures . It is noted that , in accordance with comparing circuit 102 generates the output signal So with a 
the standard practice in the industry , various features are not relatively high voltage level to indicate that the voltage level 
drawn to scale . In fact , the dimensions of the various of the first input signal Sil is higher than the voltage level 
features may be arbitrarily increased or reduced for clarity of 30 of the second input signal Si2 , and generates the output 
discussion . signal So with a relatively low voltage level to indicate that 
FIG . 1 is a diagram illustrating a comparing device in the voltage level of the first input signal Sil is lower than the 

accordance with some embodiments . voltage level of the second input signal Si2 . When the 
FIG . 2 is a schematic diagram illustrating a comparing comparing circuit 102 is disabled or reset by the control 

device in accordance with some embodiments . 35 signal RST1 , the voltage level of the output signal So may 
FIG . 3 is a timing diagram illustrating a voltage level on be pulled or discharged to a predetermined voltage level 

a common node of a comparing device in accordance with irrespective of the voltage levels of the first input signal Sin 
some embodiments . and the second input signal Si2 . For example , the predeter 
FIG . 4 is a timing diagram illustrating a voltage level of mined voltage level may be the supply voltage Vdd or the 

one of the output signals of a comparing device in accor- 40 ground voltage Vgnd . 
dance with some embodiments . When the comparing circuit 102 is enabled by the control 
FIG . 5 is a schematic diagram illustrating a comparing signal RST1 , the comparing circuit 102 is arranged to 

device in accordance with some embodiments . receive the supply current Ip through a common node Np on 
FIG . 6 is a schematic diagram illustrating a comparing the comparing circuit 102. According to some embodiments , 

device in accordance with some embodiments . 45 the first current generating circuit 104 is coupled between a 
FIG . 7 is a schematic diagram illustrating a comparing supply power Vdd and the common node Np for selectively 

device in accordance with some embodiments . generating a first current I1 to the common node Np accord 
FIG . 8 is a flowchart of a method for controlling a ing to a control signal RST2 . For example , when the first 

comparing device in accordance with some embodiments . current generating circuit 104 is enabled by the control 
50 signal RST2 , the first current generating circuit 104 may 

DETAILED DESCRIPTION generate the first current I1 to the common node Np . When 
the first current generating circuit 104 is disabled by the 

The following disclosure provides many different control signal RST2 , the first current generating circuit 104 
embodiments , or examples , for implementing different fea- may not generate the first current I1 to the common node Np . 
tures of the provided subject matter . Specific examples of 55 According to some embodiments , the first current gener 
components and arrangements are described below to sim- ating circuit 104 comprises a current source 1042 and a 
plify the present disclosure . These are , of course , merely switch 1044. A control terminal of the switch 1044 is 
examples and are not intended to be limiting . For example , arranged to receive the control signal RST2 , a first connect 
the formation of a first feature over or on a second feature ing terminal of the switch 1044 is coupled to the common 
in the description that follows may include embodiments in 60 node Np , and a second connecting terminal of the switch 
which the first and second features are formed in direct 1044 is coupled to the current source 1042. The current 
contact , and may also include embodiments in which addi- source 1042 is coupled between the supply voltage Vdd and 
tional features may be formed between the first and second the second connecting terminal of the switch 1044 for 
features , such that the first and second features may not be generating the first current 11 . 
in direct contact . In addition , the present disclosure may 65 According to some embodiments , the control signals 
repeat reference numerals and / or letters in the various RST1 and RST2 may be the same control signal or in - phase 
examples . This repetition is for the purpose of simplicity and with each other . However , this is not a limitation of the 
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present embodiments . In one embodiment , the voltage level comparing device 100. For brevity , the signal labels in the 
of the control signal RST1 may be partially overlapped with comparing device 200 is similar to the signal labels in the 
the voltage level of the control signal RST2 . In another comparing device 100. The comparing device 200 com 
embodiment , the voltage level of the control signal RST1 prises a comparing circuit 202 , a first current generating 
may be the complementary voltage level of the control 5 circuit 204 , and a second current generating circuit 206. The 
signal RST2 . comparing device 200 may be a differential comparator . The 

In addition , the second current generating circuit 106 is first current generating circuit 204 and the second current 
coupled between the supply power Vdd and the common generating circuit 206 are coupled between the common 
node Np for generating a second current 12 to the common node Np of the comparing circuit 202 and the supply voltage 
node Np . According to some embodiments , the supply 10 Vdd . 
current Ip may be a total current of the first current 11 and According to some embodiments , the first current gener 
the second current 12. Moreover , the second current gener- ating circuit 204 comprises a current source 2042 and a 
ating circuit 106 may be a constant current source for transistor 2044. The transistor 2044 may be p - type metal 
generating a constant current , i.e. the second current 12 . oxide - semiconductor field - effect transistor ( p - type MOS 
When the comparing device 100 is powered up , the second 15 FET ) . The gate of the transistor 2044 is arranged to receive 
current generating circuit 106 may continuously provide the the control signal RST2 , the drain of the transistor 2044 is 
second current 12 to the comparing circuit 102 through the coupled to the common node Np , and the source of the 
common node Np irrespective of the voltage levels of the transistor 2044 is coupled to the current source 2042. The 
control signal RST1 and / or the control signal RST2 . current source 2042 is coupled between the supply voltage 

According to some embodiments , the current value of the 20 Vdd and the source of the transistor 2044 for generating the 
second current 12 is smaller than the current value of the first first current 11 . 
current 11. For example , the current value of the second The second current generating circuit 206 is coupled 
current 12 may be ten times smaller than the current value of between the supply power Vdd and the common node Np for 
the first current I1 . It is noted that this example is not a generating the second current 12 to the common node Np . 
limitation of the present embodiments . The comparing circuit 202 comprises an input stage 2022 , 

According to some embodiments , when the control sig- a latching stage 2024 , and a reset circuit 2026. The input 
nals RST1 and RST2 enable the comparing circuit 102 and stage 2022 is arranged to receive the first input signal Sil 
the first current generating circuit 104 respectively , the and the second input signal Si2 for generating a first inter 
comparing circuit 102 may compare the voltage levels of the mediate signal Sit1 and a second intermediate signal Sit2 . 
first input signal Sil and the second input signal Si2 to 30 The first input signal Sil and the second input signal Si2 
output the output signal So accordingly . When the control may be differential input signals . The latching stage 2024 is 
signals RST1 and RST2 disable the comparing circuit 102 coupled to the input stage 2022 for generating a first output 
and the first current generating circuit 104 respectively , the signal Sol and a second output signal So2 according to the 
comparing circuit 102 may stop compare the voltage levels first intermediate signal Sit1 and the second intermediate 
of the first input signal Sil and the second input signal Si2 . 35 signal Sit2 . The first output signal Sol and the second output 
However , the second current generating circuit 106 may signal So2 may be differential output signals . The reset 
continuously provide the second current 12 to the comparing circuit 2026 is coupled to the output terminals of the latching 
circuit 102 through the common node Np when the com- stage 2024 to reset the latching stage 2024 according to the 
paring circuit 102 and the first current generating circuit 104 control signal RST1 . 
are disabled . Accordingly , the voltage level on the common 40 According to some embodiments , the input stage 2022 
node Np may be pre - charged into a specific voltage level comprises a first transistor M1 and a second transistor M2 . 
when the comparing circuit 102 and the first current gener- The transistors M1 and M2 may be p - type MOSFETs . The 
ating circuit 104 are disabled . It is noted that , if the second gates of the transistors M1 and M2 are arranged to receive 
current generating circuit 106 is not applied , the voltage the first input signal Sil and the second input signal Si2 
level on the common node Np may be discharged to a 45 respectively . The sources of the transistors M1 and M2 are 
voltage level lower than the specific voltage level when the coupled to the common node Np . The drains of the transis 
comparing circuit 102 and the first current generating circuit tors M1 and M2 are coupled to the latching stage 2024 for 
104 are disabled . outputting the first intermediate signal Sit1 and the second 

Then , when the comparing circuit 102 and the first current intermediate signal Sit2 respectively . 
generating circuit 104 are enabled again , the comparing 50 The latching stage 2024 comprises a first transistor M3 , a 
circuit 102 may promptly compare the voltage levels of the second transistor M4 , a third transistor M5 , and a fourth 
first input signal Sil and the second input signal Si2 as the transistor M6 . The transistors M3 and M4 may be p - type 
voltage level on the common node Np has been pre - charged MOSFETs . The transistors M5 and M6 may be n - type 
into the specific voltage level . In other words , by using the MOSFETs . The sources of the transistor M3 and M4 are 
second current generating circuit 106 , the decision time to 55 coupled to the drains of the transistors M1 and M2 respec 
transit the voltage levels of the output signals Sol and So2 tively . The drains of the transistor M3 and M4 are coupled 
based on the voltage levels of the first input signal Sil and to the drains of the transistors M5 and M6 respectively . The 
the second input signal Si2 is reduced in comparison to the sources of the transistors M5 and M6 are coupled to the 
counterpart without using the second current generating ground voltage Vgnd . Moreover , the gate of the transistor 
circuit 106. For example , the decision time of an embodi- 60 M3 is coupled to the gate of the transistor M5 and the drain 
ment is reduced about 15 % in comparison to the counterpart of the transistor M4 as well as the drain of the transistor M6 . 
without using the second current generating circuit 106 . The gate of the transistor M4 is coupled to the gate of the 
Accordingly , the operating speed of the comparing device transistor M6 and the drain of the transistor M3 as well as 
100 may be increased . the drain of the transistor M5 . According to some embodi 
FIG . 2 is a schematic diagram illustrating a comparing 65 ments , the drains of the transistors M3 and M4 are arranged 

device 200 in accordance with some embodiments . The to output the first output signal Sol and the second output 
comparing device 200 may be an implementation of the signal So2 respectively . According to some embodiments , 
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merely one of the drains of the transistors M3 and M4 is the voltage level on the common node Np without the 
arranged to output an output signal So ( e.g. the first output second current generating circuit 206 in response to the 
signal Sol or the second output signal So2 ) . control signal RST and the input signals Sil and Si12 . The 
The reset circuit 2026 comprises a first transistor M7 and control signal RST is a periodic clock signal ( not shown in 

a second transistor M8 . The transistor M7 and M8 may be 5 FIG . 3 ) switching between the high voltage level Vdd and 
n - type MOSFETs . The gates of the transistors M7 and M8 the low voltage level Vgnd . 
are coupled to the control signal RST1 . The drains of the For the waveform 302 , when the voltage level of the transistors M7 and M8 are coupled to the drains of the control signal RST is changed to the high voltage level Vdd transistors M3 and M4 respectively . The sources of the 
transistors M7 and M8 are coupled to the ground voltage 10 from the low voltage level Vgnd , the voltage level of the 

common node Np is also changed to the high voltage level Vgnd . Vt1 from the low voltage level Vb1 . For example , at time t1 , The control signals RST1 and RST2 are configured to be 
the same control signal . Therefore , the control signals RST1 the voltage level of the common node Np reaches the low 
and RST2 are simplified as a control signal RST in the voltage level Vb1 , and at time t2 , the voltage level of the 
following paragraphs for brevity . Moreover , the control 15 common node Np reaches the high voltage level Vt1 . When 
signal RST is a clock signal transiting between a high the voltage level of the control signal RST is changed to the 
voltage level and a low voltage level . The high voltage level low voltage level Vgnd from the high voltage level Vdd , the 
and the low voltage level may be the supply voltage Vdd and voltage level of the common node Np is also changed to the 
the ground voltage Vgnd respectively . When the voltage low voltage level Vb1 from the high voltage level Vt1 . For 
level of the control signal RST is the high voltage level , the 20 example , at time t2 , the voltage level of the common node 
comparing device 200 is reset . More specifically , the voltage Np reaches the high voltage level Vt1 , and at time t3 , the 
level of the control signal RST is the high voltage level , the voltage level of the common node Np reaches the low 
transistor 2044 is turned off , and the transistors M7 and M8 voltage level Vb1 . 
are turned on to discharge the voltage levels on the drains On the other hand , for the waveform 304 , when the 
( i.e. the output signals Sol and So2 ) of the transistors M3 25 voltage level of the control signal RST is changed to the high 
and M4 into the ground voltage Vgnd , respectively , to reset voltage level Vdd from the low voltage level Vgnd , the 
the latching stage 2024. Meanwhile , the second current voltage level of the common node Np is also changed to the 
generating circuit 206 continuously provides the second high voltage level Vt2 from the low voltage level Vb2 . For 
current 2 to the transistors M1 and / or M2 ( i.e. the common example , at time t4 , the voltage level of the common node 
node Np ) . Accordingly , the voltage level on the sources ( i.e. 30 Np reaches the low voltage level Vb2 , and at time t5 , the 
the common node Np ) of the transistors M1 and M2 may be voltage level of the common node Np reaches the high 
kept on a specific voltage level such that the transistor M1 voltage level Vt2 . When the voltage level of the control 
and / or the transistor M2 may be turned on . For example , the signal RST is changed the low voltage level Vgnd from 
specific voltage level may be about the threshold voltage Vth the high voltage level Vdd , the voltage level of the common 
of the transistors M1 and M2 . It is noted that , based on the 35 node Np is also changed to the low voltage level Vb2 from 
voltage levels of the input signals Sil and Si2 , one or both the high voltage level Vt2 . For example , at time t5 , the 
of the transistors M1 and M2 is turned on when the voltage voltage level of the common node Np reaches the high 
level of the control signal RST is the high voltage level . voltage level Vt2 , and at time to , the voltage level of the 
When the voltage level of the control signal RST is common node Np reaches the low voltage level Vb2 . 

changed to the low voltage level , the comparing device 200 40 By comparing the waveforms 302 and 304 , the high 
is turned on to compare the voltage levels of the input voltage level Vt2 is closed to the high voltage level Vt1 , and 
signals Sil and Si2 . More specifically , the transistor 2044 is the low voltage level Vb2 , however , is much lower than the 
turned on for providing the first current I1 to the transistors low voltage level Vb1 . For example , the high voltage levels 
M1 and M2 , and the transistors M7 and M8 are turned off Vt1 and Vt2 may be about 0.7V , the low voltage levels Vb1 
to resume the function of the latching stage 2024 . 45 may be about 0.6V , and the low voltage levels Vb2 may be 

According to some embodiments , as the transistor M1 about 0.41V . When the low voltage level Vb1 is much higher 
and / or the transistor M2 are turned on when the voltage level than the low voltage level Vb2 , the waveform 302 may need 
of the control signal RST is the high voltage level , the less time to reach the high voltage level Vt1 from the low 
transistor M1 and the transistor M2 may promptly response voltage level Vbl in comparison to the waveform 304 . 
to the voltage levels of the input signals Sil and Sil at the 50 Therefore , the reaction speed of the input stage 2022 with 
time the voltage level of the control signal RST is changed the second current generating circuit 206 is faster than the 
to the low voltage level from the high voltage level . Accord- reaction speed of the input stage 2022 without the second 
ingly , the latching stage 2024 may promptly latch the current generating circuit 206. Accordingly , the cycle num 
voltage levels on the drains of the transistors M3 and M4 to ber of the waveform 302 is more than the cycle number of 
generate the output signal Sol and So2 when the voltage 55 the waveform 304 within a predetermined comparing period 
level of the control signal RST is changed to the low voltage Tc . For example , in the predetermined comparing period Tc , 
level from the high voltage level . Therefore , the operating the cycle number of the waveform 302 is 7 and the cycle 
speed of the comparing device 200 may be increased . number of the waveform 304 is 6. In other words , the 
FIG . 3 is a timing diagram illustrating a voltage level on comparing device 200 with the second current generating 

the common node Np of the comparing device 200 in 60 circuit 206 may compare 7 times of the input signals Sil and 
accordance with some embodiments . The waveform 302 Si2 within the predetermined comparing period Tc , and the 
may be the variation of the voltage level on the common comparing device 200 without the second current generating 
node Np with the second current generating circuit 206 in circuit 206 only compares 6 times of the input signals Sil 
response to the control signal RST and the input signals Sil and Si2 within the predetermined comparing period Tc . 
and Si12 . To compare the effect of the second current 65 According to some embodiments , the comparing device 200 
generating circuit 206 , a waveform 304 is also shown in with the second current generating circuit 206 may perform 
FIG . 3 , in which the waveform 304 may be the variation of 7 - bit cycling at 1.75 GHz , and the comparing device 200 
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without the second current generating circuit 206 may only The comparing circuit 502 comprises an input stage 5022 , 
perform 6 - bit cycling at 1.75 GHz . a latching stage 5024 , and a reset circuit 5026. The input 
FIG . 4 is a timing diagram illustrating a voltage level of stage 5022 is arranged to receive the first input signal Sil ' 

one of the output signals Sol and So2 of the comparing and the second input signal Si2 ' to generate the first inter 
device 200 in accordance with some embodiments . During 5 mediate signal Sitl ' and the second intermediate signal Sit2 ' . 
the predetermined comparing period Tc , the first output The latching stage 5024 is coupled to the input stage 5022 
signal Sol and the second output signal So2 are differential . for generating a first output signal Sol ' and a second output 
Therefore , for brevity , merely the first output signal Sol is signal So2 ' according to the first intermediate signal Sit1 ' 
shown in FIG . 4. According to some embodiments , in the and the second intermediate signal Sit2 ' . The reset circuit 
predetermined comparing period Tc , the comparing device 10 5026 is coupled to the output terminals of the latching stage 
200 may perform 7 times of comparison upon the input 5024 to reset the latching stage 5024 according to the control 

signal RST1 ' . signals Sil and Si2 . Therefore , the output signal Sol may According to some embodiments , the input stage 5022 output 7 clock cycles in the predetermined comparing period comprises a first transistor Ml ' and a second transistor M2 ' . Tc . Without using the second current generating circuit 206 , 15 The transistors Ml ' and M2 ' may be n - type MOSFETs . The the comparing device 200 may only output 6 clock cycles of gates of the transistors Ml ' and M2 ' are arranged to receive the output signal Sol in the predetermined comparing period the first input signal Sil ' and the second input signal Si2 ' 
Tc . Accordingly , the comparing device 200 may have faster respectively . The sources of the transistors Ml ' and M2 ' are operating speed . coupled to the common node Np ' . The drains of the tran 

According to some embodiments , the second current 12 20 sistors Ml ' and M2 ' are coupled to the latching stage 5024 
generated by the second current generating circuit 206 is to output the first intermediate signal Sitl ' and the second 
designed to be much smaller than the first current I1 gen- intermediate signal Sit2 ' . 
erated by the first current generating circuit 204 , therefore The latching stage 5024 comprises a first transistor M3 ' , 
the present comparing device 200 may still have a relatively a second transistor M4 ' , a third transistor M5 ' , and a fourth 
small power consumption . 25 transistor M6 ' . The transistors M3 ' and M4 ' may be n - type 

According to some embodiments , as the second current MOSFETs . The transistors M5 ' and M6 ' may be p - type 
generating circuit 206 is always turned on in the predeter- MOSFETs . The sources of the transistor M3 ' and M4 ' are 
mined comparing period Tc , the transistors M7 and M8 in coupled to the drains of the transistors Ml ' and M2 ' respec 
the reset circuit 2026 may be designed to have a relatively tively . The drains of the transistor M3 ' and M4 ' are coupled 
large size such that the transistors M7 and M8 may have 30 to the drains of the transistors M5 ' and M6 ' respectively . The 
enough power to reset the latching stage 2024. More spe- sources of the transistors M5 ' and M6 ' are coupled to the 
cifically , the currents of transistors M7 and M8 may be large supply voltage Vdd . Moreover , the gate of the transistor M3 ' 
enough to discharge or pull the voltage level on the output is coupled to the gate of the transistor M5 ' and the drain of 
terminals ( i.e. the drains of the transistors M3 and M4 ) of the the transistor M4 ' as well as the drain of the transistor M6 ' . 
latching stage 2024 to the ground voltage Vgnd for resetting 35 The gate of the transistor M4 ' is coupled to the gate of the 
the latching stage 2024 when the voltage level of the control transistor M6 and the drain of the transistor M3 ' as well as 
signal RST is changed to the high voltage level Vdd from the the drain of the transistor M5 ' . According to some embodi 
low voltage level Vgnd . ments , the drains of the transistors M3 ' and M4 ' are arranged 

FIG . 5 is a schematic diagram illustrating a comparing to output the first output signal Sol ' and the second output 
device 500 in accordance with some embodiments . The 40 signal So2 ' respectively . 
comparing device 500 may be another implementation of the The reset circuit 5026 comprises a first transistor M7 and 
comparing device 100. For brevity , the signal labels in the a second transistor M8 ' . The transistor M7 ' and M8 ' may be 
comparing device 500 is similar to the signal labels in the n - type MOSFETs . The gates of the transistors M7 ' and M8 
comparing device 100. The comparing device 500 com- are coupled to the control signal RST1 ' . The drains of the 
prises a comparing circuit 502 , a first current generating 45 transistors M7 ' and M8 ' are coupled to the drains of the 
circuit 504 , and a second current generating circuit 506. The transistors M3 ' and M4 ' respectively . The sources of the 
comparing device 500 may be a differential comparator . The transistors M7 ' and M8 ' are coupled to the supply voltage 
first current generating circuit 504 and the second current Vdd . 
generating circuit 506 are coupled between the common The control signals RST1 ' and RST2 ' are configured to be 
node Np ' of the comparing circuit 502 and the ground 50 the same control signal . For brevity , the control signals 
voltage Vgnd . RST1 ' and RST2 ' are simplified as a control signal RST1 ' in 

In comparison to the comparing device 200 , the compar- the following paragraphs . Moreover , the control signal 
ing device 500 is the complementary version of the com- RST1 ' is a clock signal transiting between a high voltage 
paring device 200. More specifically , the first current gen- level and a low voltage level . The high voltage level and the 
erating circuit 504 comprises a current source 5042 and a 55 low voltage level may be the supply voltage Vdd and the 
transistor 5044. The transistor 5044 may be n - type MOS- ground voltage Vgnd respectively . When the voltage level of 
FET . The gate of the transistor 5044 is arranged to receive the control signal RST1 ' is the low voltage level , the 
the control signal RST2 ' , the drain of the transistor 5044 is comparing device 500 is reset . When the comparing device 
coupled to the common node Np , and the source of the 500 is reset , the second current generating circuit 506 
transistor 5044 is coupled to the current source 5042. The 60 continuously provides the second current 12 ' to the transis 
current source 5042 is coupled between the ground voltage tors Ml ' and / or M2 ' ( i.e. the common node Np ' ) . Accord 
Vgnd and the source of the transistor 5044 for generating the ingly , the voltage level on the sources ( i.e. the common node 
first current Il ' . Np ' ) of the transistors Ml ' and M2 ' may be kept on a specific 

The second current generating circuit 506 is coupled voltage level such that the transistor Ml ' and / or the transis 
between the ground voltage Vgnd and the common node Np ' 65 tor M2 ' may be turned on . 
for generating the second current 12 ' to the common node According to some embodiments , as the transistor M1 ' 
Np ' . and / or the transistor M2 ' are turned on when the voltage 
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level of the control signal RST1 ' is the low voltage level , the paring device 700. For brevity , the elements and signal 
transistor Ml ' and the transistor M2 ' may promptly response labels in the comparing device 700 are similar to the 
to the voltage levels of the input signals Sil ' and Sil ' at the comparing device 200 . 
time the voltage level of the control signal RST1 ' is changed According to some embodiments , the current generating 
to the high voltage level from the low voltage level . Accord- 5 circuit 702 is a current source having a first terminal coupled 
ingly , the latching stage 5024 may promptly latch the to the common node Np of the comparing circuit 202 and a 
voltage levels on the drains of the transistors M3 ' and M4 second terminal coupled to the supply voltage Vdd . The 
to generate the output signal Sol ' and So2 ' when the voltage current generating circuit 702 is arranged to continuous 
level of the control signal RST1 ' is changed to the high generate a current 14 to the comparing circuit 202 during the 
voltage level from the low voltage level . Therefore , the 10 predetermined comparing period Tc . When the current 14 is 
operating speed of the comparing device 500 may be continuously provided to the comparing circuit 202 , the 
increased . voltage level on the common node Np may be kept on a 

The detailed operation and the advantages of the com- relatively high voltage level when the latching stage 2024 is 
paring device 500 are similar to the comparing device 200 , reset , i.e. the voltage level of the control signal RST1 is the 
thus the detailed description is omitted here for brevity . 15 low voltage level , in the predetermined comparing period 

FIG . 6 is a schematic diagram illustrating a comparing Tc . Accordingly , the transistor M1 and the transistor M2 may 
device 600 in accordance with some embodiments . In com- promptly response to the voltage levels of the input signals 
parison to the comparing device 200 , the comparing device Sil and Sil at the time the voltage level of the control signal 
600 further comprises a third current generating circuit 602 RST1 is changed to the low voltage level from the high 
coupled between the common node Np of the comparing 20 voltage level . Therefore , the operating speed of the compar 
circuit 202 and the supply voltage Vdd . For brevity , the ing device 700 may be increased . 
elements and signal labels in the comparing device 600 are As the current generating circuit 702 is arranged to 
similar to the comparing device 200 . continuous generate the current 14 to the comparing circuit 

According to some embodiments , the third current gen- 202 when the comparing circuit 202 is reset or disabled by 
erating circuit 602 comprises a current source 6022 and a 25 the control signal RST1 , the power consumption of the 
switch 6024. A control terminal of the switch 6024 is comparing device 700 may greater than the power consump 
arranged to receive a control signal Sc , a first connecting tion of the comparing device 200. Moreover , the transistors 
terminal of the switch 6024 is coupled to the common node M7 and M8 in the comparing device 700 may be designed 
Np , and a second connecting terminal of the switch 6024 is to have a relatively large size such that the transistors M7 
coupled to the current source 6022. The current source 6022 30 and M8 may discharge or pull the voltage level on the output 
is coupled between the supply voltage Vdd and the second terminals ( i.e. the drains of the transistors M3 and M4 ) of the 
connecting terminal of the switch 6024 for generating a third latching stage 2024 to the ground voltage Vgnd for resetting 
current 13. According to some embodim the value of the the latching stage 2024 when the voltage level of the control 
third current 13 may be smaller than the second current 12 . signal RST1 is changed to the high voltage level Vdd from 

The third current generating circuit 602 may be config- 35 the low voltage level Vgnd . According to some embodi 
ured to deal with the process corners occurred in the ments , the size of the transistors M7 and M8 in the com 
fabrication such that the operating speed of the comparing paring device 700 is greater than the size of the transistors 
device 600 may be tuned or adjusted after the fabrication . M7 and M8 in the comparing device 200 . 
The process corner may be a variation of fabrication param- According to some embodiments , the operation of the 
eters used in applying an integrated circuit design to a 40 comparing device 100 , 200 , 500 , 600 , or 700 may be 
semiconductor wafer . For example , the process corner may summarized into the operations in FIG . 8. FIG . 8 is a 
be fast - fast ( FF ) , slow - slow ( SS ) , slow - fast ( SF ) , or fast- flowchart of a method 800 for controlling a comparing 
slow ( FS ) corner , in which the first letter ( e.g. “ F ” in FS device in accordance with some embodiments . The compar 
corner ) refers to the N - channel MOSFET ( NMOS ) corner , ing device may be the comparing device 100 , 200 , 500 , 600 , 
and the second letter ( e.g. “ S ” in FS corner ) refers to the P 45 or 700. The method 800 comprises operations 802-806 . In 
channel ( PMOS ) corner . For example , when the process operation 802 , a first current generating circuit ( e.g. 204 ) and 
corner is FS corner , the switch 6024 may be turned on by the a second current generating circuit ( e.g. 206 ) are arranged to 
control signal Sc to provide an additional current 13 to the couple between a reference voltage ( e.g. Vdd ) and a com 
transistors M1 and M2 of the latching stage 2022 during the mon node ( e.g. Np ) of an input stage ( e.g. 2022 ) of a 
predetermined comparing period Tc . 50 comparing circuit ( e.g. 202 ) . According to some embodi 

According to some embodiments , the third current gen- ments , the first current generating circuit ( e.g. 204 ) is 
erating circuit 602 may be modified to have a plurality of controlled by a control signal ( e.g. RST2 ) . The common 
current sources coupled to a plurality of switches respec- node may be a common source of a differential pairs ( e.g. the 
tively . The plurality of switches may be controlled by a input stage ) . 
plurality of digital control signals respectively . Accordingly , 55 In operation 804 , the first current generating circuit and 
the modified current generating circuit 602 may generate the second current generating circuit are arranged to gener 
different currents to adjust the comparing device 600 after ate a first current ( e.g. I1 ) and a second current ( e.g. 12 ) to 
the fabrication . the input stage ( e.g. 2022 ) via the common node , respec 

It is noted that , after modification , the third current tively , when the comparing circuit is arranged to compare 
generating circuit 602 may also be applied in the comparing 60 the voltage levels of a first input signal ( e.g. Sil ) and a 
device 500 , and the detailed description is omitted here for second input signal ( e.g. S2 ) received by the input stage . 
brevity . Specifically , when the comparing circuit compares the volt 

FIG . 7 is a schematic diagram illustrating a comparing age level of the first input signal and the second input signal , 
device 700 in accordance with some embodiments . In com- the current generating circuits 204 and 206 generate the 
parison to the comparing device 200 , the current generating 65 currents 11 and 12 to the comparing circuit 202 respectively . 
circuits 204 and 206 in the comparing device 200 are In operation 806 , the first current generating circuit ( e.g. 
replaced with a current generating circuit 702 in the com- 204 ) is arranged to stop generate the first current ( e.g. I1 ) to 
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the input stage ( e.g. 2022 ) and the second current generating and a control terminal for receiving the control signal ; and 
circuit ( e.g. 206 ) is arranged to continuously generate the a fourth transistor , having a first connecting terminal 
second current ( e.g. 12 ) to the input stage ( e.g. 2022 ) via the coupled to the first reference voltage , a second connecting 
common node when the comparing circuit ( e.g. 202 ) is reset . terminal coupled to the latching stage , and a control terminal 
According to some embodiments , the second current is 5 for receiving the control signal . 
greater than the first current . In some embodiments of the present disclosure , a com 

According to the operations 802-806 of the method 800 , paring device includes a first current generating circuit 
the voltage level on the common node Np may be pre- arranged to selectively generate a first current according to 
charged into a specific voltage level by the current 12 when a first control signal , a second current generating circuit 
the comparing circuit 202 and the current generating circuit 10 arranged to generate a second current , and a comparing 
204 are disabled or reset . Then , when the comparing circuit circuit having a common node coupled to the first current 
202 and the current generating circuit 204 are enabled again , generating circuit and the second current generating circuit 
the comparing circuit 202 may promptly compare the volt- for comparing a first input signal and a second input signal 
age levels of the first input signal Sil and the second input to generate an output signal according to the first current , the 
signal Si2 . Accordingly , by using the method 800 , the 15 second current , and a second control signal . The second 
operating speed of the comparing device 200 may be current generating circuit is configured to provide the second 
increased . current , smaller than the first current , to the comparing 

Briefly , according to the embodiments , the common node circuit when the comparing circuit is kept disabled accord 
of the input pair of the comparing circuit is pre - charged into ing to the second control signal . 
a specific voltage level when the comparing circuit is reset 20 The foregoing outlines features of several embodiments 
or disabled . Then , when the comparing circuit is enabled so that those skilled in the art may better understand the 
again , the comparing circuit may save the decision time to aspects of the present disclosure . Those skilled in the art 
latch the voltage levels of the output signals based on the should appreciate that they may readily use the present 
voltage levels of input signals on the input stage . Therefore , disclosure as a basis for designing or modifying other 
the operating speed of the presented comparing devices may 25 processes and structures for carrying out the same purposes 
be increased . and / or achieving the same advantages of the embodiments 

In some embodiments of the present disclosure , a com- introduced herein . Those skilled in the art should also realize 
paring device includes a first current generating circuit that such equivalent constructions do not depart from the 
arranged to selectively generate a first current and a second spirit and scope of the present disclosure , and that they may 
current different from the first current , according to a first 30 make various changes , substitutions , and alterations herein 
control signal . The comparing device also includes a com- without departing from the spirit and scope of the present 
paring circuit having a common node coupled to the first disclosure . 
current generating circuit for comparing a first input signal What is claimed is : 
and a second input signal to generate an output signal 1. A comparing device , comprising : 
according to the first current , the second current , and a 35 a first current generating circuit arranged to selectively 
second control signal . The second control signal and the first generate a first current and a second current , different 
control signal are in - phase with each other . from the first current , according to a first control signal ; 

In some embodiments of the present disclosure , a current and 
generating circuit , arranged to generate a current , and a a comparing circuit having a common node coupled to the 
comparing circuit , having a common node coupled to the 40 first current generating circuit for comparing a first 
current generating circuit , for comparing a first input signal input signal and a second input signal to generate an 
and a second input signal to generate an output signal output signal according to the first current , the second 
according to the current and a control signal . When the current , and a second control signal , 
control signal resets the comparing circuit , the current wherein the second control signal and the first control 
generating circuit continuously generates the current to the 45 signal are in - phase with each other . 
comparing circuit through the common node . The compar- 2. The comparing device of claim 1 , further comprising a 
ing circuit includes : an input stage , having the common node second current generating circuit , coupled to the common 
coupled to the current generating circuit , and having a first node , for selectively generating a third current according to 
input terminal and a second input terminal for receiving the a third control signal , wherein the third control signal is 
first input signal and the second input signal to generate a 50 different from the first control signal and the second control 
first intermediate signal and a second intermediate signal ; a signal . 
latching stage , coupled to the input stage , for generating the 3. The comparing device of claim 2 , wherein the second 
output signal on an output terminal according to the first current generating circuit comprises 
intermediate signal and the second intermediate signal ; and a current source , coupled to a reference voltage for 
a reset circuit , coupled to the output terminal , for resetting 55 generating the third current ; and 
the latching stage according to the control signal . The input a switch , having a first connecting terminal coupled to the 
stage includes : a first transistor , having a first connecting current source , a second connecting terminal coupled to 
terminal coupled to the common node , a second connecting the common node , and a control terminal for receiving 
terminal configured to provide the first intermediate signal , the third control signal . 
and a control terminal coupled to the first input signal ; and 60 4. The comparing device of claim 2 , wherein the third 
a second transistor , having a first connecting terminal current is smaller than the first current . 
coupled to the common node , a second connecting terminal 5. The comparing device of claim 1 , wherein the second 
configured to provide the second intermediate signal , and a current is smaller than the first current . 
control terminal coupled to the second input signal . The 6. The comparing device of claim 1 , wherein the first 
reset circuit includes : a third transistor , having a first con- 65 current generating circuit comprises : 
necting terminal coupled to a first reference voltage , a a first current source , coupled to a first reference voltage 
second connecting terminal coupled to the latching stage , for generating the first current ; and 
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a switch , having a first connecting terminal coupled to the an eighth transistor , having a first connecting terminal 
first current source , a second connecting terminal coupled to the second reference voltage , a second 
coupled to the common node , and a control terminal for connecting terminal coupled to the second connecting 
receiving the first control signal . terminal of the fourth transistor , and a control terminal 

7. The comparing device of claim 1 , wherein the first 5 configured to receive the second control signal , 
current generating circuit is arranged to continuously gen- wherein one of the second connecting terminal of the third 
erate the second current to the common node of the com transistor and the second connecting terminal of the 
paring circuit when the comparing circuit is disabled by the fourth transistor is arranged to output the output signal . 
second control signal . 13. A comparing device , comprising : 

8. The comparing device of claim 6 , wherein the first 10 a current generating circuit , arranged to generate a cur 
current generating circuit further comprises a second current 
source having a first connecting terminal coupled to the first a comparing circuit , having a common node coupled to 
reference voltage and a second connecting terminal coupled the current generating circuit , for comparing a first 
to the common node , the second current source configured input signal and a second input signal to generate an 
to generate the second current . output signal according to the current and a control 

9. The comparing device of claim 1 , wherein the com signal , 
paring circuit comprises : wherein when the control signal resets the comparing 

an input stage , having the common node coupled to the circuit , the current generating circuit continuously gen 
first current generating circuit , and having a first input erates the current to the comparing circuit through the 
terminal and a second input terminal for receiving the 20 common node , 
first input signal and the second input signal to generate wherein the comparing circuit comprising : 
a first intermediate signal and a second intermediate an input stage , having the common node coupled to the 
signal ; current generating circuit , and having a first input 

a latching stage , coupled to the input stage , for generating terminal and a second input terminal for receiving 
the output signal on an output terminal according to the 25 the first input signal and the second input signal to 
first intermediate signal and the second intermediate generate a first intermediate signal and a second 
signal ; and intermediate signal ; 

a reset circuit , coupled to the output terminal , for resetting a latching stage , coupled to the input stage , for gener 
the latching stage according to the second control ating the output signal on an output terminal accord 
signal . ing to the first intermediate signal and the second 

10. The comparing device of claim 9 , wherein the input intermediate signal ; and 
stage comprises : a reset circuit , coupled to the output terminal , for 

a first transistor , having a first connecting terminal resetting the latching stage according to the control 
coupled to the common node , a second connecting signal , 
terminal providing the first intermediate signal , and a 35 wherein the input stage comprises : 
control terminal coupled to the first input signal ; and a first transistor , having a first connecting terminal 

a second transistor , having a first connecting terminal coupled to the common node , a second connecting 
coupled to the common node , a second connecting terminal configured to provide the first interme 
terminal providing the second intermediate signal , and diate signal , and a control terminal coupled to the 
a control terminal coupled to the second input signal . 40 first input signal ; and 

11. The comparing device of claim 10 , wherein the a second transistor , having a first connecting terminal 
latching stage comprises : coupled to the common node , a second connecting 

a third transistor , having a first connecting terminal terminal configured to provide the second inter 
coupled to the second connecting terminal of the first mediate signal , and a control terminal coupled to 
transistor ; the second input signal , wherein the reset circuit 

a fourth transistor , having a first connecting terminal comprises : 
coupled to the second connecting terminal of the sec a third transistor , having a first connecting terminal 
ond transistor ; coupled to a first reference voltage , a second 

a fifth transistor , having a first connecting terminal connecting terminal coupled to the latching stage , 
coupled to a second reference voltage , a second con- 50 and a control terminal for receiving the control 
necting terminal coupled to a second connecting ter signal ; and 
minal of the third transistor and a control terminal of a fourth transistor , having a first connecting terminal 
the fourth transistor , and a control terminal coupled to coupled to the first reference voltage , a second 
a control terminal of the third transistor and a second connecting terminal coupled to the latching stage , 
connecting terminal of the fourth transistor , and and a control terminal for receiving the control 

a sixth transistor , having a first connecting terminal signal . 
coupled to the second reference voltage , a second 14. The comparing device of claim 13 , wherein the 
connecting terminal coupled to the second connecting current generating circuit comprises : 
terminal of the fourth transistor , and a control terminal a current source , having a first terminal coupled to a 
coupled to the control terminal of the fourth transistor . 60 second reference voltage and a second terminal coupled 

12. The comparing device of claim 11 , wherein the reset to the common node , for continuous generating the 
circuit comprises : current to the common node of the comparing circuit . 

a seventh transistor , having a first connecting terminal 15. The comparing device of claim 13 , wherein the 
coupled to the second reference voltage , a second latching stage comprises : 
connecting terminal coupled to the second connecting 65 a fifth transistor , having a first connecting terminal 
terminal of the third transistor , and a control terminal coupled to the second connecting terminal of the first 
configured to receive the second control signal ; and transistor ; 

a 

45 

55 

a 



5 

10 

US 11,411,554 B2 
15 16 

a sixth transistor , having a first connecting terminal a second input signal to generate an output signal , the 
coupled to the second connecting terminal of the sec- output signal representing a comparison result accord 
ond transistor ; ing to the first input signal , the second input signal , and 

a seventh transistor , having a first connecting terminal a second control signal , 
coupled to the first reference voltage , a second con- wherein the second current generating circuit is config 
necting terminal coupled to a second connecting ter ured to provide the second current , smaller than the first minal of the fifth transistor and a control terminal of the current , to the comparing circuit when the comparing sixth transistor , and a control terminal coupled to a circuit is kept disabled according to the second control control terminal of the fifth transistor and a second signal , 
connecting terminal of the sixth transistor ; and wherein the first control signal is in - phase with the second an eighth transistor , having a first connecting terminal control signal . coupled to the first reference voltage , a second con 18. The comparing device of claim 17 , further compris necting terminal coupled to the second connecting 
terminal of the sixth transistor , and a control terminal ing : 
coupled to the control terminal of the sixth transistor . 15 a third current generating circuit , coupled to the common 

16. The comparing device of claim 15 , wherein the first node , for selectively generating a third current accord 
transistor , the second transistor , the fifth transistor , and the ing to a third control signal , 
sixth transistor are p - type metal - oxide - semiconductor field wherein the third control signal is different from the first 
effect transistor ( p - type MOSFET ) , and the third transistor , control signal and the second control signal . 
the fourth transistor , the seventh transistor , and the eighth 20 19. The comparing device of claim 17 , wherein the first 
transistor are n - type metal - oxide - semiconductor field - effect current generating circuit comprises : 
transistor ( n - type MOSFET ) . a current source , coupled to a reference voltage for 

17. A comparing device , comprising : generating the first current ; and 
a first current generating circuit , arranged to selectively a switch , having a first connecting terminal coupled to the 

generate a first current according to a first control 25 current source , a second connecting terminal coupled to 
signal ; the common node , and a control terminal for receiving 

a second current generating circuit , arranged to generate the first control signal . 
a second current ; and 20. The comparing device of claim 19 , wherein the switch 

a comparing circuit having a common node coupled to the is a p - type metal - oxide - semiconductor field - effect transistor 
first current generating circuit and the second current 30 ( p - type MOSFET ) . 
generating circuit for comparing a first input signal and 


